Abstract: Exploring MSSM parameter space after the discovery of Higgs Boson at 125 GeV naturally demands large top-squark mixing or large trilinear coupling parameter A t in particular, so as to avoid excessively heavy squark, specially for the universal models like CMSSM. We study stability of electroweak symmetry breaking vacua in possible presence of deeper charge-color symmetry breaking minima within MSSM. Besides stable vacua, we consider scenarios characterized by the presence of global CCB minima, with SM like charge and color conserving vacuum, having stability over cosmologically large lifetime (long-lived states). We allow vacuum expectation values for both stop as well as sbottom fields, since these belong to the third generation of sfermions with larger Yukawa couplings that have immediate effect on the tunneling time. Moreover, for large µ regions, radiative corrections to Higgs boson mass from bottom-squark loop is quite significant.
Introduction
In the Standard Model (SM) [1] of Particle Physics the electrically neutral component of the electroweak scalar doublet (Higgs) takes a non-zero vacuum expectation value (vev) in the ground state leading to spontaneous symmetry breaking (SSB). This leads to generation of mass of SU(2) L gauge bosons and mass for fermions through Yukawa terms. Lorentz invariance of the vacuum prevents any object other than a Lorentz scalar from acquiring a non-zero vev. The only scalar present in SM is the Higgs scalar which is singlet under SU(3) color (SU(3) C ). The presence of physically equivalent continuum of degenerate minima in SM Higgs potential, enables one to define the unbroken U(1) generator as the electric charge. This along with unbroken SU(3) C leads to charge and color conservation for the ground state of SM, where the Higgs field acquires a non-vanishing vev.
Supersymmetry (SUSY) that can potentially ameliorate the hierarchy problem associated with SM is one of the most viable candidates for Beyond the Standard Model (BSM) physics [2] [3] [4] [5] . In the simplest SUSY extension of SM, namely the Minimal Supersymmetric Standard Model (MSSM) [2] [3] [4] [5] [6] , SM fermions and bosons are supplemented by bosonic and fermionic partners transforming under the same SM gauge group SU(3) C × SU(2) L × U(1) Y . Thus there are new scalars like squarks (q) and sleptons (l) that are charged under SU(3) C and U(1) EM . The full MSSM scalar potential may indeed have several minima where squarks or sleptons may additionally acquire non-zero vevs.
Since the violation of charge and/or color quantum number is yet to be observed, it is understood that the Universe at present is at a ground state which is Standard Model like (SML), with only Higgs scalars acquiring vevs. A priori it indicates that those parts of the multi-dimensional parameter space corresponding to MSSM scalar potential that allow a deeper charge and color breaking (CCB) minima [7] [8] [9] [10] [11] [12] [13] [14] [15] should be excluded. This puts severe constraints on the parameter space.
However, truly there is no reason to assume that the present SML minima where the Universe rests is a true vacuum. The Universe, in principle can rest in a local minima/false vacuum, provided the lifetime of this SML minima with respect to the decay time into a deeper CCB minima transition is cosmologically large (larger than the age of the Universe). The Universe is then said to reside in a long-lived state [16] [17] [18] [19] [20] . Analytically minimizing MSSM potential containing large number of scalar fields is very difficult unless one considers simplifying assumptions. This may even put more stringent constraints than what are actually required [18, 19, 21] . Hence, for a given point in the multi-dimensional parameter space it is important to check the existence of any deeper CCB minima numerically as exhaustively performed in codes like Vevacious [22] that in turn uses CosmoTransitions [23] . In case such minima exist one should compute the lifetime of the false vacuum and decide on the validity of the given point of parameter space depending on the computed lifetime. A parameter point which would either correspond to a stable or a long-lived vacuum state would be referred to have a safe vacuum.
Since the Higgs boson has been found to have a mass of around 125 GeV [24, 25] which is not very far from the upper limit of MSSM predicted value (∼ 135 GeV), it has become important to explore the phenomenological MSSM (pMSSM) [26] parameter space that may give large radiative corrections to the Higgs boson mass and provides with a relatively lighter top squarks. This may be handled by properly considering the trilinear coupling parameter A t and the Higgsino mixing parameter µ, both of which may on the other hand be sensitive to the CCB constraints. After the Higgs boson is discovered, analyses have been performed considering the existence of long lived states both in Constrained MSSM (CMSSM) as in Ref. [27] as well as in pMSSM context as worked in Ref. [28] [29] [30] . All the above works that probed CCB minima numerically, considered values of µ less than a TeV or so while exploring A t appropriately via satisfying the requirement of long-lived states and the Higgs mass constraint. In this work we probe the pMSSM parameter space in a wider area of µ − A t plane for specific zones of tan β, where tan β is the ratio of Higgs vacuum expectation values, and explore the possibility of long-lived states that would also satisfy phenomenological constraints from Br(B → X s γ), Br(B s → µ + µ − ), muon g − 2 and dark matter.
We will specifically explore the above scenario for large values of tan β that may have important effect on the existence of long-lived states. We should mention here that both Br(B → X s γ) and Br(B s → µ + µ − ) may have important characteristics for large µ, A t and tan β. While analyzing large µ scenarios we also allow non-vanishing vevs for third generation of scalar fields beyond top-squarks. We will additionally highlight the issue of radiative corrections to the Higgs boson mass from the bottom-squark and the tau-slepton sectors for large values of µ tan β that could potentially reduce the mass of Higgs boson while µ is increased. Furthermore, as we will see soon, validity of both large and small µ regions, with large A t may be highly interesting in relation to the muon g − 2 result. This work which is done using Vevacious [22] is organized as follows. In Section 2 we briefly discuss essential theoretical aspects of CCB minima, decay of false vacuum and its theoretical implication on MSSM. In Section 3 we present the results of our analysis as follows. First, we will discuss the results for low values of µ showing the conformity with past analyses and extend the work for a given large value of µ. Thereafter, within the above section we will show the results of scanning over a wide region of µ − A t plane for a moderate as well as for a large value of tan β. We also discuss the compatibility of our analysis with relevant low energy constraints like those from B-physics and cosmological constraints from neutralino dark matter [32] . We will further discuss the issue of muon g − 2 in the context of long-lived vacuum scenario, presenting also a few benchmark points. Finally, we will conclude in Section-4.
Aspects of CCB minima, Decay of False Vacuum and MSSM
The MSSM scalar sector consists of squarks and the sleptons and two Higgs doublets with opposite
vevs. This may result into the existence of potentially dangerous CCB minima that may lie below an SML vacuum. The rate of tunneling from SML false vacuum to such CCB true vacuum is roughly proportional to e −a/y 2 , where a is a constant and y is the Yukawa coupling, signifying a larger decay rate for enhanced Yukawa coupling [8, 18, 19] . Hence the third generation of sfermions will be the most important candidate in connection with the formation of potentially dangerous global minima. We do not consider the direction where a sneutrino ν may acquire a vev, since the corresponding vacuum would conserve both charge and color. In this analysis we would limit ourselves on scenarios where only third generation of squarks may acquire vevs.
For simplicity, we now focus on the stop and Higgs fields of the MSSM scalar potential [2] [3] [4] [5] .
The SML like minima exist in thet L =t R = 0 hyperplane, as evident from the above expression.
Away from this plane, in the flat direction of quartic terms (t L =t R ), quantities like y t A t H utRtL and y t µt LtR H * d may become large and negative. For large values of A t and/or µ the above two terms may lead to global minima which break U(1) EM , SU(3) C and the global U(1) Baryon symmetries. important to probe vacuum stability for large |µ| and large A-parameters of third generation in the context of CCB. If the global minima is charge and color breaking, it is essential to evaluate the tunneling rate from SML to CCB minima for estimating the lifetime of the metastable SML state. This lifetime will ultimately determine the viability of the corresponding MSSM parameter point [27] [28] [29] [30] .
Semiclassical calculations of the false vacuum decay via quantum-tunneling through a barrier, may be performed for a single scalar field φ(x) that resulted into the transition probability per unit time per unit volume as given below [18] [19] [20] .
Here,φ is a particular configuration of the field φ for which δS=0. This field configuration which dominates the integral is called a bounce 1 , which is a stationary point of the Euclidean action.
The bounce is a non-trivial solution of the Euclidean Euler-Lagrange equation that obeys specific boundary conditions. The probability for the Universe to have decayed to a deeper CCB minima by the present time t 0 , the age of the Universe is roughly equal to t 4 0 × Γ/V . Here t 4 0 refers to an estimate of a four-volume within which the transition may take place. Considering a 100 GeV scale, thereby A (100 GeV) 4 , one obtains S E [φ]/ ∼ 400 for t 4 0 × Γ/V ∼ 1. Therefore, the SML false vacuum at which the Universe rests at the present time may be considered to be stable against decay for S E [φ]/ > 400 [18, 19] , indicating a long-lived scenario. At this point we stress the need of numerical computation. For the simplest case of a single scalar field, explicit analytic calculations may be performed under certain approximations namely the thin wall and the thick wall scenarios [18] [19] [20] . On the other hand, an accurate analysis which involves multiple scalar fields may not divide itself into thin or thick wall zones for phenomenologically significant regions of parameter space. Therefore, one must take resort to numerical computation to determine the fate of SML vacuum in presence of deeper CCB vacua as performed in Vevacious [22] .
Physics of CCB minima and phase transition in the Early Universe has important implication on the evolution of the Universe and its present ground state [18] [19] [20] . As par the previous discussion, the depth of the CCB minima depends on squark/slepton mass terms, the relevant trilinear coupling parameters and µ. At a finite temperature the scalar potential is modified by terms ∝ T 2 which are similar to mass square terms. The trilinear terms also receive corrections ∝ T. The history of the potential goes as follows [20] .
• At a very high temperature, the potential is symmetric with one minima at φ = 0.
• Afterwards, at a critical temperature T c degenerate minima occur for vanishing as well as non-vanishing φ.
• As the temperature decreases with time, the degeneracy breaks and the minima at non-zero φ becomes deeper. 1 For details of semiclassical calculation of vacuum decay and related issues see [31] .
• Finally, at T=0, there is a maxima at φ = 0 and minima at some non-zero φ that corresponds to ordinary SML SSB ground state (for φ being a neutral colorless scalar).
Transition from an SML minima to a deeper CCB minima which is the focus of our discussion, is a first order phase transition [20] .
We shall now discuss the relevance of studying electroweak vacuum stability in the global CCB scenario, in the post Higgs@125 GeV era in which the present data of the Higgs boson mass is 125.7 ± 0.6 GeV [24] . There is a high chance that the discovered Higgs boson is SM like [25] .
Hence, in MSSM it would correspond to the CP-even lightest Higgs boson h assuming a decoupling limit of Higgs scenario (M 2 Z M 2 A ) [6] . Certainly, with a tree level bound of M 2 Z cos 2 2β for m 2 h one requires a large radiative corrections that on the other hand, push the super-partner spectra on the higher side in unified models. In MSSM this translates to the requirement of heavy top-squarks.
The dominant loop correction that is due to the top-stop loops is given by [6] 
Here X t = A t − µ cot β andm t stands for the running top-quark mass that includes electroweak, QCD and SUSY QCD corrections [33] . With the requirement of the above large loop corrections in the post Higgs discovery scenario, one must explore the regions of parameter space that do not demand so high stop masses but the effect would come from the term involving X t in the above equation. The maximal mixing scenario of
is certainly useful [3] [4] [5] [6] . However as we will see in the next section, scenarios of large µ are associated with a significant amount of radiative corrections from sbottom and stau loops. As a result, maximal mixing may occur away from √ 6M S for X t . We will come to this point soon. While exploring the MSSM parameter space, we must be careful that the MSSM scalar potential may have CCB minima deeper than the SML minima. Therefore, the study of stability of the SML false vacuum against decay to global CCB minima is extremely important. Quite naturally it becomes important to check the degree of effectiveness of the inequalities related to CCB constraints in this regard both for stable and long-lived vacuum states, as we will discuss below.
Suitable analytic constraints were imposed on the relevant MSSM parameters to avoid the appearance of CCB global minima in Refs. 2 [7] [8] [9] [10] [11] [12] [13] [14] . The nature of CCB minima and consequently the constraints depend on the particular nature of the vevs. In order to derive simpler analytical constraints, assumptions are made depending on the inter-relationships of vevs that isolate suitable directions in the field space. In the direction "b" discussed in Ref. [7] , non-vanishing vevs were 2 Traditional bounds were initially studied in Refs. 1 and 2 of Ref. [7] . For CCB constraints in models beyond MSSM see Ref. [35] 3 Following usual notation of fields such as that of Ref. [3] .
Here m 2 2 = m 2 Hu + µ 2 . The above bounds are imposed on all the three generations of up-type squarks and traditionally used in popular SUSY spectrum generators that also use conditions for avoiding potential to be unbounded from below [34] . On the other hand in the direction "a" of Ref. [7] the authors considered non-vanishing vevs of |H u |, |Q u |, |u R | as well as that of |d L |, |d R | or possibly |L i |, but vanishing vev of |H d | which under simplifying assumptions resulted into the following inequality.
Using m 2 Hu ≈ −µ 2 , the above reduces to
Constraints of Eq.2.6 are valid for small Yukawa couplings. However, if one uses the above for top Yukawa coupling one effectively obtains a stronger bound, embracing the traditional bounds of Eq.2.4 [7] . Going beyond the exact CCB constraints, the possibility of existence of long-lived SML minima were considered afterwards. Thus Ref. [18] and recently Ref. [21] incorporated the above long-lived scenario to come up with the following inequalities that obviously allowed an enlarged parameter space,
We now try to discuss under what conditions the analytic constraints were evaluated. The simple bounds of Eq.2.4 were obtained considering the D-flat directions assuming vevs of the concerned scalar fields to be equal. Analysis of realistic scenarios must involve unequal vevs that is also sufficiently case specific [7] . However, as we will discuss below, even when simplistic assumptions are made for D-flat directions it is seen that more robust bounds such as Eq.2.6 compared to Eq.2.4 may lead to unnecessary degree of stringency [28] . The same is true for the long-lived scenarios of Eq.2.7 and Eq.2.8 which are found to be neither necessary nor sufficient [28] [29] [30] . As mentioned previously in this work similar to the Refs. [27-30, 36, 37] we will follow the numerical route to analyze the CCB constraints while considering the possibility of existence of long-lived SML minima. We have used Vevacious [22] for our analysis. Combined with a SUSY spectrum generator the code finds the global minima of the associated scalar potential. In absence of global CCB minima the SML vacuum is stable. If the global minima is found to break the charge and color symmetry, the code computes the lifetime of the SML minima against decay to the global CCB minima using the code CosmoTransitions [23] . It then determines whether the SML minima is long-lived or short-lived. We will particularly probe the pMSSM parameter space in detail for large |µ| and large |A t | zones while keeping any issue related to naturalness [38] [39] [40] aside. Large |µ| is often considered in works involving global analyses of parameter space for unified models like CMSSM [41] . It has also been explored in pMSSM related studies [42] or a similar analysis involving vacuum stability as in Ref. [43] .
Results
Here we present the results of our analysis over different regions of parameter space of pMSSM and classify parameter ranges according to stable, long-lived or short-lived vacua in different subsections.
First, we discuss vacuum stability in the generic region of parameter space, in particular for low values of µ. Later, we extend our analysis for a large value of µ while varying both stop and sbottom sector parameters and assigning vevs to stop and sbottom scalar fields. Then we scan over a wide range of values of µ and A t for a moderate and a large value of tan β exploring interesting regions of pMSSM parameter space that may potentially fall in the zone of maximal radiative corrections to Higgs boson. This section also analyses the impact of dark matter namely neutralino relic density and direct detection limits on our work. Additionally we will discuss the compatibility of our analysis with muon g − 2 data. The relevant SM parameters used are m 
Study of generic region of pMSSM parameter space for the stability of vacuum
In this part we analyze the CCB constraints by focusing on generic part of pMSSM parameter space, in particular for low values of µ and non-vanishing A t that is important for the Higgs mass limit. Here the parameter space spans a broad range of tan β, third generation of up-type squark masses, A t and µ upto a TeV. In this subsection, in order to compare our results with Refs. [28] [29] [30] we allow only stop fields (t L andt R ) to take non-zero vevs along with the Higgs fields. Our choice of parameters are as follows.
500
GeV mQ 100 GeV µ 1000 GeV,
We set all other sfermion masses to be at 1 TeV, M A = 1 TeV. The gaugino masses are fixed at M 1 = 100 GeV, M 2 = 300 GeV and M 3 = 1000 GeV. All other trilinear couplings are set to zero. The other sfermion masses or the gaugino masses could indeed be chosen at different zones of values without essentially affecting the results of our analysis involving long-lived states.
Keeping an eye on Eq.2.4 we define M 2 # = m 2
and plot Fig. 1 
The recent constraints from Br(B s → µ + µ − ) as obtained from CMS and LHCb [48] [49] [50] indicate
, which at 3σ level leads to 0.8 × 10
We compute the above B-Physics results using SuperIso [51] while using SuSpect [52] as the spectrum generator. In the following subsection we go beyond the generic region of pMSSM parameter space of Refs. [28] [29] [30] , and explore the role of large |µ| and large |A t | in the context of the discussion made in Sec.2. 
Stability of vacuum for a fixed tan β and a large |µ|
In order to analyze with large values of |µ| we must remember that radiative corrections to Higgs boson mass from sbottom and to a lesser degree from stau sectors may hardly be ignored. This is because of a quartic dependence on |µ| tan β [53, 54] which is albeit suppressed by a quartic dependence of scalar masses, in addition to the effect of smallness of m b or m τ compared to m t . Similar to Eq.2.3 the corrections from sbottom sector read [53, 54] , We keep all other scalar mass parameters fixed at 1 TeV. We focus on a pocket of pMSSM parameter space as a representative zone that satisfy the cold dark matter constraints from WMAP [55] /PLANCK [56] .
This corresponds to the following gaugino mass parameters
Our choice of M 3 is consistent with the recent limits on mg [57] . The generic overabundance of a bino-like lightest neutralino dark matter which is the lightest supersymmetric particle (LSP) is brought under control via appropriate bino-wino ( B − W ) coannihilation [58, 59] . This choice also satisfies the LUX [60] limit for the spin-independent direct detection cross section σ SI χp . Both the relic density and σ SI χp are computed using micrOMEGAs [61] . In Fig. 3 we show the variation of m h against A 2 t /M 2 # corresponding to the scan of Eq.3.6 for µ = 9 TeV. Green, blue and grey dots that satisfy all the experimental limits mentioned above correspond to long-lived, stable and short-lived SML like vacuum respectively. Unlike In Fig. 4 we show the distribution corresponding to safe and dangerous SML vacua in the µ − A t plane. The central blue zone denotes the stable vacuum and the surrounding green strip represents the long-lived SML vacuum states. It is evident that the above zone that also includes small values of µ, referred in this analysis as generic zone, is symmetric over both µ and A t . This implies that in the central zone, the stability of SML vacuum against decay to deeper CCB states is largely independent of the sign of µ and A t . For larger |µ| within the central blue region, we see that safe vacua occur for smaller value of |A t | and vice-versa.
Surrounding the central blue zone and the associated green peripheral region, one finds large grey regions designating short-lived vacuum states in which there also exist pockets of stable and longlived zones in all the four quadrants. We further see the existence of stable/long-lived states for very large positive values of µ and A t , which would however be excluded by the traditional analytic constraints. Thus in Fig. 4 where we have used constraints from B-physics but not the Higgs mass bound, we find that SML minima is extended to island areas with appreciably large positive values of both µ and A t . We will later show that the island region of long-lived states with large µ and A t may also satisfy the Higgs mass limits. We particularly focus on the long-lived states 6 for the island region in the first quadrant and ignore any conclusion on the stable states in the same zone.
This is connected to the fact that declaring a parameter point to be stable in the island region characterized by large µ may be quite non-trivial due to various computational issues 7 .
Maximized m h zones in relation to long-lived states: Regions I and II
In Fig. 5 we show the effect of the same scanning (Eq.3.8) on Higgs boson mass m h . In Fig. 5(a) we show the blue, green and grey regions in m h -µ plane. On finds symmetric distribution about the µ-axis within the large triangular green area. Short-lived vacuum states denoted by grey dots occupy the region outside the green strip of long-lived states.
We now identify the parameter region in µ−A t plane in relation to where m h maximizes i.e. becomes close to the upper edge of Eq.3.2 as far as possible. We further check whether the maximized zones satisfy the traditional CCB constraints of Eqs.2.4, 2.6 or whether they fall into the category of longlived vacuum states. Hence, for the above purpose, staying within the valid band of m h (Eq.3.2) we would particularly like to focus on two regions in Fig. 5(a) . Region-I (long-lived) is identified with |µ| 1 TeV and m h ∼ 128 GeV (we would call this as small µ zone), whereas Region-II (long-lived) occurs with 7 < ∼ µ < ∼ 9 TeV and 123 < ∼ m h < ∼ 125 GeV (we would refer it as the large µ zone). For Fig. 5(b) the same regions of Fig.5(a) namely, Region-I maps to A t ∼ ±4 TeV, whereas Region-II is characterized by 3 < ∼ A t < ∼ 5 TeV. Both Regions I and II are generally ruled out by at least one of the traditional CCB constraints of Eqs. 2.4 and 2.6 but they correspond to long-lived vacuum 6 We have discarded the parameter points that typically give warning messages related to appearance of saddle points. states. We further point out that although m h maximizes in Region-II for a given value of µ, the corresponding value of X t appreciably differs from √ 6M S associated with an m max h scenario [6] . This is indeed related to the discussion made regarding the radiative corrections to m h in Sec-2 specific to large values of µ. Quite expectedly one finds that the relation X t √ 6M S holds good for low |µ| belonging to Region-I. In region away from X t √ 6M S would certainly require relatively smaller top-squark masses for a given amount of radiative corrections to the Higgs mass(see Eq.2.3). We note that the requirement to satisfy the limits of m h eliminates i) small to moderate |A t | zones and ii) regions with small |µ| and very large A t .
Compatibility with dark matter related constraints
We now briefly discuss the compatibility of our parameter space with dark matter related data such as the relic density limits from WMAP [55] /PLANCK [56] and spin-independent direct detection χ 0 1 − p cross-section measurement from LUX [60] . We note that scattered points are clustered around two thin lines. It turns out that consideration of both signs of µ and A t leads to the appearance of two closely spaced lines. This is concerned with the slight dependence of the the radiative corrections to the mass of LSP [62] [63] [64] on the signs of µ, A t and the dependence of σ SI χp on the sign of µ [65] . We emphasize here that giving vevs to several scalar fields within Vevacious demands a large increase in computational time of the analysis. Hence, we could not afford to scan the gaugino mass parameters M 1 and M 2 that have immediate effects on m χ 0
1
. Thus, we only probe the acceptability of the chosen point in the M 1 − M 2 plane while we scan the specific pMSSM parameters relevant to CCB constraints. Our analysis involves a wide variation over the value of µ. Hence, there are only a few points where one has |µ| < M 1 for the chosen value M 1 = 500 GeV. These are the parameter points where the relic density is very small because of a strong presence of Higgsino within the LSP. At the same time, in the region of µ not far from M 1 or M 2 , there can be a large bino-higgsino or even bino-wino-higgsino mixing which leads to a larger value of σ SI χp [66] . This is confirmed in Fig. 7 that shows larger σ SI χp for m χ 0 1 below 480 TeV or so, mostly exceeding the LUX data [60] . On the other hand, for larger values of |µ| when the LSP becomes almost a bino, we expect σ SI χp to be small, a fact confirmed by the figure. A part of the above region characterized by small σ SI χp provides correct relic density via bino-wino coannihilation [66, 67] . We comment that our chosen values of M 1 and M 2 that is consistent with WMAP/PLANCK data would only be probed in future experiments like XENON1T [68] . We like to point out that our analysis could be carried out for other appropriate gaugino masses that would satisfy the relic density and would result into σ SI χp in the vicinity of the sensitivity region of LUX or future XENON1T experiments.
Scan over wide range of µ and A t for tan β = 40
The role of tan β in studies related to vacuum stability is important via its effect on the scalar potential as well as due to its influence on the radiative corrections to the mass of the Higgs boson, specially for large µ scenarios. In the context of Eq.3.5 the sbottom and even the stau loop contributions become important for large values of µ tan β and it is revealed that these have negative contributions to m h that can potentially reduce m h below the lower limit of Eq.3. Similarly a large amount of parameter zone of the same quadrant is eliminated via Br(B s → µ + µ − ) which becomes sensitive for large tan β [71] , in spite of the fact that the pseudoscalar Higgs mass is quite large. We note that the above agrees with the analysis of Ref. [69] where Br(B s → µ + µ − ) for a large tan β is seen to be enhanced for µA t < 0. Interestingly, in contrast to Fig.4 here the safe vacua are almost exclusively long-lived in the large µ and large A t region. A similar result when projected into m h −µ plane is shown in Fig.9 (a). As in Fig for large values of A t which also spans a larger range.
In Fig.10 we show the distribution of parameter points for stable and long-lived vacua in µ − A t plane where m h lies in the range of Eq.3.2. The areas corresponding to stable states in different quadrants are appreciably shrinked for this case of a large tan β. On the other hand, the EWSB SML vacua in large µ and large A t region which are also distinctly isolated (green) in the figure We now briefly discuss the compatibility of our analysis of tan β = 40 with dark matter related data for the relic density limits from WMAP [55] /PLANCK [56] and spin-independent direct detection χ 0 1 − p cross-section measurement from LUX [60] . 
Muon g − 2
Finding both large µ and small |µ| regions corresponding to Region-II and Region-I respectively as referred before, to be valid long-lived vacuum states we immediately like to relate this to the issue of satisfying the constraint from Muon Anomalous Magnetic Moment. At one-loop level, the supersymmetric contributions to a µ with a µ = 1 2 (g − 2) µ [72, 73] originate from chargino-sneutrino and neutralino-smuon loops. Large contributions may come from neutralino-smuon loops when µ is large along with smaller slepton masses [74] . On the other hand, for small µ zones smaller masses of charginos would increase the supersymmetric contributions a SU SY µ to a µ . The experimental data (≡ a exp µ ) [75, 76] differs significantly from SM prediction (≡ a SM µ ) [77, 78] leading to the following result where errors are added in quadrature. Focusing on muon g − 2 constraint for a 2σ limit, we now present Table 1 
Conclusion
It is exciting that the Higgs boson has been discovered in LHC with its mass around 125 GeV which is well within the MSSM predicted upper limit of 135 GeV or so. However, such a relatively heavy
Higgs boson is not so friendly in terms of the hierarchy problem. It is thus important to explore the MSSM parameter space that may still be associated with a relatively lighter SUSY spectra. The observed value requires large radiative corrections to the Higgs boson mass that is driven by the third generation scalars with large Yukawa couplings, particularly the top squarks. It is possible to limit the latter to become not so heavy by considering large mixing between the left and the right scalar components. Choosing a large value of trilinear coupling |A t | may induce large radiative corrections but this could be limited by the appearance of the Charge and Color Breaking Minima.
It may be seen that the role of the higgsino mixing parameter µ may be important in addition to A t while discussing CCB constraint. We discussed the negative corrections from sbottom and stau loop contributions to the Higgs mass for large values of µ tan β. An effectively reduced value of m h as such allows a wider zone of A t , which in turn may reduce the top squark masses in a significant zone of MSSM parameter space.
Traditionally, appearance of global CCB minima is avoided via use of analytic relations like Eqs. 2.4 or 2.6 of Sec.2 as explored in the work of Casas et al [7] . Ref. [14, 18] and recently Ref. [21] considered the existence of long-lived vacuum states for which the transition to the global CCB minima requires a time larger than the age of the Universe. The above references hence used relaxed constraints like Eqs.2.7,2.8. However, by searching appropriate minima numerically and computing the transition time, it was shown in Refs. [27] [28] [29] [30] that the analytic relations are neither sufficient nor necessary. We confirm their conclusions in a broader setup of considering all possible signs of µ and A t along with a wider scanning range for the above parameters using Vevacious. We find that in the generic region of pMSSM where |A t | and |µ| are comparatively smaller, distinct regions of stable and long-lived states exist irrespective of the signs of the above two parameters. Beyond the above generic pMSSM regions of stable and long-lived states there exist zones of dangerous vacua. Interestingly, we find safe vacua in a broad region of pMSSM parameter space with large |µ| and |A t |. Furthermore, among the above safe vacua zones one finds long-lived states that fall in the interesting zone where Higgs mass radiative corrections maximize. We note that the safe vacua for a large value of tan β in large µ and large A t regions are found to be predominantly long-lived in nature. Additionally, we impose the constraints from Br(B → X s γ)
and Br(B s → µ + µ − ). A large region of parameter space with µA t < 0 is disfavoured by the above constraints specially for large tan β. The interesting zone of long-lived vacuum states that is associated with large radiative corrections to the Higgs boson mass satisfy all the above constraints.
On the other hand, it is also possible to satisfy the constraints from dark matter experiments by appropriately choosing pockets of parameter space in the gaugino sector which is essentially disjoint of our study related to CCB vacua. For economy of computation time we choose a combination of closely spaced U(1) and SU(2) gaugino masses that satisfy the WMAP/PLANCK data via binowino coannihilations. The corresponding direct detection cross section σ SI χp also satisfies the LUX data. Finally, for our analysis with large A t we find two distinct zones of long-lived states for small and large values of µ. We extend the analysis by considering the possibility to satisfy the limits from muon g − 2 for the above scenarios. It is found that limits from muon g − 2 are satisfied via two distinct classes of diagrams contributing to a SU SY µ for the two cases namely small and large µ. 
